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VIRTUAL TELEMICROSCOPE 



Attached to this application as Appendix A is a print-out of software code applicable to 
the embodiments of the invention described herein. 

BACKGROUND OF THE INVENTION 

This invention is related to a "Virtual Telemicroscope" (VT) system and, more 
particularly, to a method and system for using a computer system as a telemicroscope. 

Telepathology is a field that combines the disciplines of pathology, computer science and 
telecommunication. It captures, digitizes, transmits, displays and manipulates pathological and 
medical images for the purpose of analysis, consultation, collaboration, diagnosis, training and 
standardization. Compared with conventional pathology, telepathology is more efficient, 
economical and flexible. It enables medical image evaluation to be performed at any location, 
any time, as long as the evaluator has access to a computer with adequate network connection. 

The history of telemedicine and telepathology goes back to the early days of computer 
science and telecommunication, and its progress has paralleled the advancement of these two 
fields. Physicians have long been experimenting with the idea of delivering medical service to 
distant locations by means of telecommunication. 

Telemedicine has come a long way. Certain disciplines, such as teleradiology, have been 
successfully implemented in many hospitals throughout the world. However, telepathology and 
telemedicine face a number of obstacles. These include computer speed and capacity, 
programming techniques, compression strategy, network transmission bandwidth, the way the 
images are displayed and manipulated, physicians* and technicians' training, as well as 
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administrative issues such as medical licensing, legality, payment, medical insurance, patient 
privacy, etc. 

In addition, for telepathology in particular, much of the resistance to these new 
technologies from the pathology community has been that the microscopic images have been 
handled and viewed in a way that is very different from the traditional manner in which the cases 
are evaluated. The transmitted images are usually static, isolated, and often represent only 
portions of the entire tissue section. The pathologists frequently hesitate in making any 
pathologic diagnosis based on the computer images of a partial tissue section displayed in an 
unfamiliar manner. When the entire specimen is digitized, the process takes a considerable 
amount of time (a few hours), involving specially designed and expensive automatic microscopic 
equipment and lengthy scanning steps. This, together with the limited computer capacity, the 
relatively narrow transmission bandwidth and the very high cost, has hindered the practical value 
of this potentially very useful technology up to the present day. 

With the recent development of fast computers, wide band transmission network and new 
programming technology, this situation is rapidly changing. This VT system takes advantage of 
recent advancements and overcomes some of the major technical obstacles in telepathology. It 
aims to popularize this technology with a new approach. 

In an international conference on telepathology on December 3-5, 1996, leading experts 
in the field of telepathology agreed that at sufficient resolution, the digitized computer images 
can be adequate for pathological diagnosis and consultation. There are systems for similar 
purposes. However, no practical system was available to provide a pathologist with a full 
magnified or non-magnified view of the entire specimen and at the same time a desired view of 
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selected portions of the specimen at a different magnification. The available systems rely on 
remotely controlled microscope and camera and broadband network connection, or lengthy 
process of digitization of slides, involving cost far beyond the justification of the practical value 
for most pathologists worldwide. 

SUMMARY OF THE INVENTION 

In accordance with the invention, there is provided a method and a system of using a 
computer system as a telemicroscope. Among the exemplary aspect of the invention, a first 
image corresponding to an area of a specimen is captured with a digital image capturing device; 
at least one second image corresponding to a selected area of the first image is captured with the 
digital camera, said second image having a different magnification from the first image; the first 
and second images are stored in a computer-readable medium; and a linking information map is 
generated indicating the relationship between said first and second images. 

In accordance with another exemplary aspect of the invention, a location for an index file 
is received from a user, wherein the index file is stored on a computer-readable medium; the 
index file is retrieved, wherein the index file lists a plurality of image files having an image of a 
specimen and map information of linked images; the listing of the plurality of image files from 
the index file are displayed on the monitor screen of the user's computer system; a first file name 
comprising an image of the entire specimen is received from the user, wherein the first file name 
is linked to a second file name comprising an image of a selected area of the specimen, wherein 
said image of said second file name has a different magnification level from the image in said 
first file name; and the images of said first and second file name are dynamically displayed 
allowing a user to view the specimen with different magnification levels of the specimen. 
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In accordance with yet another exemplary aspect of the invention, a plurality of images of 
a specimen are captured. The images correspond to an area of the specimen and one or more 
segments of the specimen. The images corresponding to the specimen segments have different 
magnification levels; a linking map is generated between said segment images. The linking 
map comprises information regarding geographical location of the images in relation to the 
specimen's structure; and such images and said Unking map are transmitted to a remote user via 
a computer network, thereby allowing the user to view the specimen image in their entirety and 
at different areas of the entire images with different magnification levels. 

For a complete understanding of the invention, together with its features, details and 
advantages, reference should be made to the following description of preferred embodiments and 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig.l is a diagram of the functional structure of the VT system according to the present 
invention; 

Fig. 2(a) is a flowchart illustrating the major steps in image arrangement, packaging and 
posting; 

Fig. 2(b) is a flow chart illustrating the major steps in image retrieval, reviewing and 
manipulation; 

Fig. 3 is a pictorial representations of the hardware set up of a VT system showing the 
process of image acquisition using a high-resolution scanner, a light microscope with a digital 
camera and a computer; 
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Figs. 4a, 4b are screen views of image arrangement, linkage, and packaging. The image 
selection view (Fig. 4a). The image link and arrangement view (Fig. 4b); 
Fig. 5 is a screen view of image retrieval; 

Fig. 6 is a screen view of the automatically hidden toolbar and its icons; 

Fig. 7 is a screen view of the magnifying glass effect; 

Fig. 8 is a screen view of the microscope effect; 

Fig. 9 is a screen view of the linked image map; 

Fig. 10 is a screen view of the measurement function; 

Figs. 1 la-1 Ij are flowcharts of the major functions of the VT program; and 

DETAILED DESCRIPTION OF THE INVENTION 

1. Basic Principles 

The present invention is a new "Virtual Telemicroscope (VT) system", in which images 
are captured, digitized, arranged, packaged, posted, transmitted, displayed, enlarged, measured 
and analyzed with a user-friendly software program. It can be used for telepathology, 
telemedicine, distance learning, remote training, standardized exam and other applications, in 
which high-resolution images are transmitted and evaluated. This invention enables the users to 
retrieve and view virtual slides with specimen images and logically linked high-resolution 
partial images anywhere, any time via the Internet and other computer networks, without 
involving special and expensive equipment and setup. 

Fig. 1 shows a functional structure of the VT system according to the present invention, 
which can be used to create, retrieve and view virtual slides. The basic principle of this system 
closely mimics that of a light microscope. When a pathologist exams a specimen on a glass slide 
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under a light microscope, he uses a number of objective lens with different magnifications. Each 
slide is viewed through a fixed magnification. By moving the glass slide on a movable stage, the 
entire slide is examined. 

He usually views the slide with a low-power objective lens first to exam the entire 
specimen and then switches to a higher-power objective lens to have a closer look at different 
areas of interests. Essentially, he views static images in a dynamic manner. The VT system 
works the same way. It captures the image of a entire slide with a high-resolution scanner. 
Alternatively, a low-power objective lens connected with a digital image capturing device such 
as digital camera can be used for the image of the entire slide. Subsequently, high-power images 
are captured for selected areas with several high-power resolution lens with different 
magnification also connected with the digital image capturing device. The captured images are 
converted into a digitized images and stored. A link map information is then generated to link 
the image of the entire slide to the higher-power images. All these images, information 
concerning their location relative to specimen and magnifications, together with associated text 
data are then packaged and transmitted to a remote computer accessible by a user. 

The remote computer displays the entire slide as a first image and a higher-power close- 
up views as a second image, as well as an image map that indicates the relationship between the 
first and second images. The relationship can be one or more of the degree of magnifications, 
size of the specimen represented by the image location of the selected area of the specimen from 
which the second image was prepared. The second image can be prepared as many as possible 
with different selected area and magnifications. The viewer can view different portions of the 
digitized images and enlarge them to a range of magnifications without loosing any clarity. 
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In summary, static images of different magnification lens and of corresponding different 
areas or sections from the same specimen are captured, arranged and packaged. They are then 
transmitted and viewed by a remote computer in a dynamic way, i.e. the viewers can examine the 
entire slide and then switch to selected higher-power images for a close-up evaluation. The 
viewer can also navigate the 'Virtual" slide in a way very similar to operating a light microscope. 
In addition, the VT system can perform image measurement, comparison, annotation, etc. and 
provide functions beyond those provided with a light microscope. 

Fig. 3 shows pictorially a representative hardware set-up of the VT system. As an 
example, the following equipment is used; (1) a 166 MHz Pentium II or above class computer 
with at least 128 MB of RAM installed memory (384 MB recommended), 100 MB of available 
hard disk space, CD-ROM drive, Color mom tor capable of 800 x 600 resolution (19 inch 
recommended), Windows 95, 98, NT or 2000, Internet or Intranet connection (broadband 
connection recommended); (2) a digital camera for a light microscope capable of capturing 
images of at least 800 x 600 pixels resolution (1 152 x 864 pixels or higher resolution 
recommended); (3) a high-resolution slide scanner that can scan standard pathological glass 
slides at 2700 x 2700 dpi (4000 x 4000 dpi or higher recommended). 

Fig. 3 illustrates the process of image acquisition using a high-resolution scanner, a light 
microscope with a digital camera and a computer. An image of the entire specimen is first 
captured with a high-resolution slide scanner or a light microscope using an objective lens at a 
very low magnification. This image of the entire specimen slide is used as the background 
image of the virtual slide. Higher-power images are then captured with the microscope and the 
digital camera from different areas of the same specimen using different objective lenses. All 
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acquired images are saved in a folder containing logically-related image data in a computer. The 
VT program packages them into a virtual slide for transmission and viewing. 

The VT system can be divided into the following six operational stages: acquire images, 
package images, transmit and retrieve images, display images, manipulate images and provide 
information feedback. Physically, the VT system comprises a memory unit and processing unit. 
The processing unit is in communication with the memory unit and is configured by the 
processor to perform such functions as capturing and storing images, generating and storing a 
link map between the images and transmitting the stored information to other users at remote 
computers through computer network. 

As noted above, an image of the entire specimen on the glass slide is captured with a 
high-resolution scanner or, alternatively a digital camera and light microscope equipped with a 
low-power objective lens. This image is usually very large in size, much more than the usual 
computer screen size (800 x 600 pixels). Then, areas of interests from the same glass slide will 
be captured with a digital camera linked to a light microscope equipped with higher-power 
objective lenses. Preferably, additional images will be taken from different specimen areas at 
different magnifications from the same glass slide. All these images are captured in sizes equal 
to or larger than 800 x 600 pixels and saved in JPG format into the data file folder in the 
computer. Additional slides can be prepared in the same manner. 

The VT program packages these saved images for transmission or posting. This is 
achieved by using the first image (the image of the entire specimen) as a background map and 
arranging all the other images taken from the same slide against this background. These images 
(as thumbnails) are digitally placed on the background map and positioned at the locations where 
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they were captured. Their sizes will also be digitally adjusted to reflect their magnifications, i.e., 
the higher the magnification, the smaller the area they will cover on the background map. 

Information including the images themselves, the locations and the image sizes, together 
with associated text data is saved and packaged into an index file. At this point, the VT program 
makes small thumbnail images of all the large images. The image files and the index file will 
then be posted on a computer server or sent to the receiver via email attachment. This completes 
the task for image preparation at the sending side of the system. 

On the receiving side, a remote viewers will open up the VT program on his/her 
computer system and enter the complete address where the packaged images are posted. By 
clicking the "retrieving" button or the "enter" key, the VT program will retrieve the file names of 
the saved images and link information map. The retrieved files are shown as thumbnail images 
on the screen allowing a user to easily select an image out of several images shown. A 
thumbnail image on the screen represent a "slide tray" and the screen may can show up to 20 
virtual slides simultaneously in an embodiment. The user can then see all the available images 
as virtual slides on the monitor screen. If the image package is transmitted to the remote 
computer via an e-mail attachment, the viewer will only need to locate the file on his computer. 
Once the file name is selected, the packaged images will be called it into the VT program for 
display. 

The user picks any slide displayed on the screen for review by clicking on it. The image 
of the entire specimen (the one captured with the scanner or the low-power objective lens of the 
microscope connected with digital camera) will then be downloaded into the user's computer and 
displayed on the screen. The real size of the image (e.g., 2000 x 2000 pixel) is much larger than 
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the monitor screen (800 x 600 pixels). At this point, the program shrinks the large image to fit 
into the size of the screen so that the reviewer can have a complete view of the entire specimen. 

At this point, a viewer has a number of options. The viewer can choose one of the many 
functions built into the VT system, including evaluating the image with the "magnifying glass 
function", the "microscope function", the "measurement function", "retrieving text data" 
associated with the images, and retrieve additional high-power linked images to have a closer 
look of selected areas of interests from the same specimen. The viewer may also go back to the 
"virtual slide tray" to select another slide to view, as if working at an office desk with a slide tray 
and a light microscope. All such functions can be activated by "clicking" on corresponding 
icons in an automatically hidden toolbar, which is located at the upper margin of the screen. 

The principle of the enlargement functions of the VT system is based on the fact that the 
original sizes of the captured images are very large, much larger than that of the screen size (800 
x 600 pixels). The VT program manipulates the image to show only a portion of it at different 
ratios of sizes from the original image, and gives the viewers the impression of image 
enlargement. This is why the enlarged images are always sharp. The degree of enlargement is 
determined by the original size of the captured image. 

In the magnifying glass effect, only a portion of the enlarged image is shown, mimicking 
the effect of a magnifying glass. In the microscope mode, a small portion of the virtual slide, as 
defined by a virtual objective lens, is displayed on the entire screen as the viewfinder, closely 
mimicking the effect of a light microscope. 

A viewer can also click an icon to view the availability of the linked higher power 
images, together with their relative locations and sizes. By clicking on these linked images on 
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the image map, the viewers can selectively evaluate these linked higher power images to have a 
better appreciation of the detailed structure of the specimen. 

By selecting different icons in the toolbar, viewers can also perform line measurement of 
images, view associated text files, compare one image with other images in an established image 
database, and view the help file. The viewers can exit the program by clicking the "quit" button 
at any time. 

The basic functional organization of the VT system is illustrated in Fig. 1 . The different 
steps involved in operating of the VT system is presented in Figs. 2a, 2b. The logical steps of the 
computer program are presented in the flow chart of Fig. 11. Details of each aspect of the 
system are described below. 
2. Image acquisition 

A pathological tissue section is first converted into a digital image by capturing with a 
digital microscopic camera or a high-resolution scanner. In either case, the entire pathological 
image can be digitized. The basic functional relationship among the slide scanner, the digital 
camera and computer in capturing the images is illustrated in Figure 3. 

Depending on the objective lens used on the microscope, the entire image may be 
captured with one exposure or with a series of exposures of the tissue section and then a 
complete image formed by pasting multiple images together with software to make a seamless 
mosaic image. The low-power overview image also can be obtained with microscopic objectives 
at very low magnification. 

Generally, it is easier to capture the image of the entire specimen with a high-resolution 
scanner. Currently, the highest resolution for a small area glass slide scanner is about 4000 x 
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4000 dpi. For a 0.5 x 0.5 inch tissue section, this will generate an image of about 2000 x 2000 
pixels in size. When displayed on a computer monitor at 800 x 600 pixels with a 19-inch 
diagonal displaying area, this represents a real enlargement of the original sample at about 100- 
150 times. 

On a computer monitor with a display capacity of 0.26-0.28 mm resolution, images at 
their real size can be further stretched 1 .5 times without losing any visible resolution. When 
stretched beyond this magnitude, the quality of the image begins to deteriorate, and this may 
affect the accuracy of the pathologists' evaluation of the images. Therefore, with a high- 
resolution scanner, a tissue section can be effectively enlarged up to about 200 times from the 
original size without any visible distortion of the original image. This would magnify a typical 
human neutrophil (originally at about 15 urn in diameter) to about 3-4 mm in diameter, enough 
to display microscopic patterns of cellular arrangement for most pathological cases. Slide 
scanner at other resolutions can also be used. However, the final size of the captured image 
preferably should be equal to or larger than 800x600 pixels. 

Once the entire specimen is captured, one can further capture a number of high-resolution 
images from different areas of interest from the same slide using microscopic objective lens of 
higher magnifications. Each image should have the resolution of at least 800x600 pixels, 
preferably higher. These images can be arranged, linked and packaged together with the low- 
power image captured previously. 

They will be transmitted collectively and viewed at the receiving end in a meaningful 
way to make sense of each high-power image in relation to each other and to the low-power 
image as the background. This will greatly enhance the effectiveness of image viewing by the 
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remote computer. At the same time, this approach will save the user from capturing the entire 
slide with high-power objective lens, which consumes time and storage space and slows the 
entire process to an impractical level. 

Once captured, the digital images can be saved into jpg, gif, tif or bmp file format. 
Depending on the file format, the file size of each high-resolution image varies, from less than 
one megabyte to several megabytes. To facilitate fast network transmission, it is recommended 
that the images be saved as jpg files with about 50 % compression. We have determined, 
through experiments and consultation with other pathologists, that at this rate of compression, 
there is no noticeable loss of image clarity. Further compression may be possible for different 
types of files. These images can be stored in any folder and drive, portable or fixed, in a 
computer for further packaging, posting and transmission. 
3. Image preparation, packaging and posting 

The captured images need to be arranged, packaged and saved into designated folders. 
Fig. 2a shows the major steps of image arrangement, packaging and posting. These packaged 
and saved files can be posted in a server (on a remote computer or the same computer) for 
remote retrieval, or in the same computer for local retrieval. The packaged images can also be 
compressed and attached with an email and sent to any email addresses. The VT program 
installed in a remote computer can open the email-attached files. This approach will bypass the 
need to have a computer server at the sending end and make it available to most pathologists and 
users. The viewing functions of the VT program are the same no matter how the image package 
is transmitted or retrieved. 
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If a server is used, the package is posted in certain designated folder that will make the 
packaged images available for retrieval by the Virtual Telemicroscope program located in the 
same or remote computers. The remote computers may be stationed across rooms, across nations 
or across continents, and connected by a network (local area network, Intranet or Internet). One 
set of packaged images can be retrieved and viewed by unlimited number of computers 
simultaneously. This feature facilitates online learning, online examination, collaboration, 
consultation, discussion and standardization. 

The packaging function is achieved by grouping and arranging all the images captured 
from the same glass slide together and record their locations and magnifications. By clicking on 
the "prepare image" button, a dialogue window of file directory is opened with two columns and 
a number of function buttons at the middle as shown in Fig. 4a. The image selection window 
contains two columns with function buttons in the middle. The left column displays available 
images for packaging. The right column displays images to be made into virtual slide. 

The users can navigate through the file directory and identify the previously captured 
images. Once the folder is selected, file names of all the relevant image files will displayed in 
the left column. The users can then select the image files to be used as the background images 
(the ones captures with the slide scanner or the low power objective lens) and add them to the 
right column for further packaging and processing. 

The images of up to 20 different slides can be comfortably processed and presented in a 
virtual slide tray for the viewer to view. Each of the twenty images can be linked and packaged 
to additional 20 higher power images taken from the same slide to give the viewers the option to 
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have a closer exam of selected areas at higher magnifications. This linking and packaging 
function of the VT system is described below. 

A unique feature of this system is that it can arrange a number of images at different 
magnifications taken from different areas of the same tissue sample and relate them to a 
background low magnification image in a way that the geographic relationship among the 
different images and their relative magnifications are recorded, transmitted and displayed. 

This feature enables the viewers to use a low-power image of the entire slide as the 
background and link up to 20 higher-power images (this number can be increased if needed) of 
different areas to the same background. Each linked image can be positioned and sized on the 
background to reflect the location and area from where it is taken. This allows the senders and 
the viewers to appreciate the relationship among the different images taken from the same slide 
and greatly enhance the easiness for the reviewers to view and analyze the entire specimen. 

The linkage and package of multiple images taken from the same glass slide is achieved 
as following. First the file name of the background image is selected and then click on the 
button of "link". The selected background image is then displayed on the screen. At this time 
another file directory window is opened and the users will select the image files to be linked to 
the background image. When all the higher-power images to be linked to the background image 
are selected, they will be displayed at the margin of the background image as small thumbnail 
images as shown in Fig. 4b. The image linkage window contains the entire background image 
and many higher .power images to be linked to the background image. These higher power 
images are displayed as smaller thumbnail images over the background and their positions can be 
moved and sizes readjusted with the mouse by the user to create a linked image package within 
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the virtual slide. Their positions and sizes should correlate to the areas from which they were 
captured and the ranges of sizes they cover. All these information and the images will be 
packaged and transmitted. They can then be displayed faithfully in remote computers using the 
VT program. 

The users can then drag and drop each image onto the background and position it to the 
appropriate location where it was captured. The users will then resize the images by dragging 
one corner of the linked images and shrink or enlarge them to appropriate sizes in relation to the 
background image, covering an area equivalent to the viewfmder sizes of the objective lens used 
in capturing these images. All the linked images are arranged against the background image in 
the same fashion. The entire package will then be saved. All the images, together with then- 
locations and sizes and relationship to each other, will be recorded in the index file and 
transmitted to the remote computer for display. 

During image packaging, the VT program also offer the possibility for the user to 
annotate the images by putting arrows, circles, rectangles, lines and words on the images. These 
marking can be recorded and transmitted to the retrieving computer and displayed by clicking an 
icon in the toolbar. 

During image preparation and posting, the Virtual Telemicroscope program makes copies 
of the original digitized images and stores them in the designated folder on the server (a remote 
server or the local computer if it is used as its own server). Simultaneously, the VT program 
automatically creates an index file that compiles the file names or given names for each image. 
This file is saved as a Director (Macromedia Inc. San Francisco, CA, USA) cast file with an 
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"cct", "est" or "txt" extension. The former file format is protected that can not be opened or 
modified by a third party. 

The VT program will also make thumbnail image from each high-resolution image and 
store them with the index file for retrieval. During image retrieval, the remote computer can 
access the designated folder to read this particular index file using the VT program, and display 
the available images on the remote computer. The images are first displayed as thumbnail 
images with complete file path and names in a virtual slide tray, resembling the glass slide tray 
used in routine pathology laboratories. One virtual slide tray can hold up to 20 slides. The 
viewer can retrieve slide trays one at a time and there is no limit to how many slide tray can be 
posted and retrieved. These slide trays can also be retrieved and displayed by the same computer 
where the files are stored. All these functions are performed in the background and are 
transparent to the users. All the viewers have to do is to enter the path or URL of the folder 
location, with a click of a button (the retrieval button), or a press of a key (the enter key); the 
virtual slides will be displayed on the monitor screen almost instantly. 

When the packaged images are stored in the same computer, or transmitted as an email 
attachment, the user will first need to locate these files by clicking the "open file" icon next to the 
location window. A file directory window will open and allow the user to identify the packaged 
files. Once selected, the packaged images will be displayed in the screen in the same way as for 
the retrieved image packages. 

The dialogue window for image preparation and posting also calls for optional 
attachment of data files of related information concerning the image. These can be patients' 
information, notes from the sender, specific requests, etc. Notes can be entered and files can be 
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attached at this time. They will be stored under the same names as the image files but with 
different file extensions. These files are retrieved together with their linked image files. 

In the dialogue window during image posting, there is also an entry for a password. The 
users have the option to enter a password to prevent the images from being accessed by 
unauthorized parties. If the users choose to leave the password window blank, no password will 
be required when retrieving images. 

There is also an option named "extra security". If the use checks this option during 
image packaging, the images and data will be encrypted to provide extra protection to third party 
tampering. This option may slow down the speed at which the packaging is processed by the 
computer. 

By clicking the "save" button, all the images and associated information will be packaged 
and saved into a local directory or a server. All saved image packages become available for local 
or remote retrieval. This can be achieved by uploading the files onto a remote server, or by using 
the default computer as the server with the "Personal Web Server" software from Microsoft, Inc. 
In the latter case, the saved files should be located directly in, or in subfolders of, the path 
"c:\webshare\wwwroot\", where "C" is the root drive where the Personal Web Server program is 
installed. The image files are then available for retrieval by remote computers via a network. 
4- Security 

There are four levels of security for image transfer. First, the retrieval party needs to 
know the IP address, domain name and the exact path of the image files on the server in order to 
retrieve the images. This is a lengthy name or a series of numbers or a combination of both. The 
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name(s) of the subfolder(s) can be easily controlled and changed by the server administer, 
thereby providing the first line of security. 

Second, the administrator can move the image files from the designated folders to another 
location, or change the folder or file names, thus making the folder inaccessible by outside 
computers. Also, the server computer can be turned off. This will effectively prevent 
unauthorized user from accessing the files from a remote computer. 

Third, the password function is an integrated part of the VT program and can prevent 
unauthorized users from accessing these image files. Without entering the correct password, the 
remote computer would not be able to go beyond the first screen even if they have the VT 
program installed in their computers and know the exact location of these images. The password 
can be easily changed during image posting. In the event the senders forget the password 
entered, they can just repost the images with a new password and the old one will be 
automatically voided as long as the files are saved in the same folder. 

Finally the "extra security" function would enhance the security during image storage and 
transmission. 
5. Image retrieval 

Fig. 2b is a flow chart that explains the image retrieval process. Image retrieval is 
performed in two steps. First the retrieving computer sends a signal to the server computer to 
retrieve the names and the thumbnail images in the index file. The users need to enter the correct 
URL (for remote computers) or file path (for the default computer), and then the correct 
password in order to have access to this information located in the server computer. This 

19 



WO 01/26541 




..JL-OO.^pSS'Mh ■. :i 0107* 0 

PCT/USOO/27681 



retrieval is achieved via the network by reading the index file compiled by the VT program 
during image preparation and posting. 

The file names and thumbnails, each corresponding to one image file on the server, will 
be displayed on the remote computer as a virtual slide tray, with up to 20 slide per tray. These 
thumbnail images and names give the viewers a clear indication of the available images and data 
for retrieval. This process is completed quickly, as at this stage only the index file and the small 
thumbnail images are retrieved and displayed, and the relatively large files of images have not 
been transmitted. 

Once this is completed, the remote users can then select the desired slide by clicking on 
it, and the corresponding image package and related data files will be transferred to the remote 
computer. Depending on the speed of transmission and the size of the files, this step may take 
less than a second to several minutes. With broad bandwidth Internet connection (cable, Tl, T3, 
DSL, etc.), this step typically takes less tjian a few seconds. Once a slide is clicked, the entire 
background image (the one captured by the high-resolution scanner or the low power objective 
lens) will be displayed on the screen. At the same time, the linked images and all other linked 
information for this slide continuously download in the background. 

A user may also use the "download air option. Once this button is clicked, all the 
available images in the slide tray will be downloaded to the user's computer. This process will 
take longer than download one slide at a time, but will facilitate a faster retrieval and processing 
speed in subsequent manipulations of the images. Fig. 5 shows an example screen for the image 
retrieval and shows five virtual slides for selection. The address of the image location on the 
Internet or local computer should be entered into the address window. The virtual slides will be 
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retrieved and displayed on the screen on a virtual slide tray. Clicking on any slide will retrieve 
the virtual slide into the computer. The viewer may also select the "download all" option to 
download all images into the viewing computer at once. 

The retrieval program is compiled with the Lingo language within Director 8.0, using the 
"GetNetThing" command. This function can also be achieved by using other commands with 
other computer languages. 
6. Image manipulation 

Once the image is retrieved, it automatically enters into the internal cast of the VT 
program and is used as an internal cast number. At the same time, the VT program makes 
smaller versions of the large, high-resolution images. The smaller images are also entered as 
internal cast numbers. The original images and their smaller counterparts are then used in the 
VT program and displayed on the "stage" (the entire visible area of the monitor). For this 
program the stage is an area of "800 x 600" pixels displayed at the center of the monitor, and 
should occupy the entire screen. We recommend that the computer monitor be set at a resolution 
of 800 x 600 pixels. It can be higher but not lower. 

At this stage, the entire image is displayed on the monitor without any obstruction by 
other images, toolbars or dialogue windows. The toolbar, which is located across the top screen 
margin, is hidden out of sight automatically. An example tool bar is shown in Fig. 6. 

The toolbar becomes visible only when the mouse moves to the upper margin of the 
screen. The icons in the toolbar are dynamically displayed, i.e. they appear only when the 
particular functions are relevant and available to the particular screen content. It appears 
whenever the mouse moves close to the upper border of the screen. Icons for all functions are 
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located in the toolbar. By clicking on the icons in the toolbar, various functions are executed. 
This automatic hiding of the toolbar serves to maximize the displaying area of the images, 
ensuring the maximum clarity and the highest magnification possible. The toolbar itself is 
semitransparent, allowing the image underneath to show through. 

Also in the toolbar is a button to call for related patient information and notes. Clicking 
on the button can display such data on the screen. There is also an "index" button for the users 
to go back to the virtual slide tray to select another image to exam. Should the users have any 
question in operating the program, a "help" button is also included in the toolbar. It can be 
toggled on and off by clicking this button, or the right mouse button from anywhere of the 
screen. A "tool-tip" will automatically appear when the mouse pauses over an icon for more than 
one second, providing a simple and clear explanation of the function of the icon in question. 
7. Magnifying glass effect 

There are three modes of image manipulation - two for viewing and one for 
measurement. The two viewing functions are the "magnifying glass effect" and the "microscope 
effect". These can be switched on and off by clicking on the corresponding icons in the toolbar. 
Clicking on the magnifying glass icon in the toolbar turns on this effect. 

Fig. 7 shows an example screen for the magnifying glass. This may be the default mode 
and appears on the monitor when the image is first displayed on the screen but the magnifying 
glass itself is hidden. The "magnifying glass lens" can be moved around the screen with the 
mouse. Its magnifications can also be changed by clicking the up and down arrows in the 
toolbar. The enlarged images are always sharp. 
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The magnifying glass is a rectangle frame of about 300 x 200 pixels in size, and can be 
turned on and off by left clicking the mouse anywhere on the screen, or clicking on the icon of 
magnifying glass in the toolbar. The magnifying glass appears at the center of the screen as a 
rectangular shaped "lens", through which the image within the frame is enlarged by about 1.5-5 
times from the background. Both the size of the magnifying glass and the degree of image 
enlargement within the frame can be adjusted by the users to a certain extent. The "magnifying 
glass lens" can be dragged around on the screen, allowing enlarged viewing of different areas of 
the background, in a way similar to viewing a detailed map with a hand hold magnifying glass, 
only that this magnifying glass lens can adjust its viewing size and magnifications. This function 
satisfies the need for the users to evaluate any region of the image at low magnifications. 

The magnifying glass effect is achieved by using the Lingo language to manage the 
location and visibility of two layers of images, i.e. the larger version in the back and the identical 
but smaller version in the front, with another invisible layer called a "mask" in the middle. A 
mask layer enables the image beneath it to show through only partially from the white area. In 
this case, the white area has a rectangle shape to give the magnifying glass effect. 

In the internal cast file, the large image should be positioned immediately after the 
**mask" layer. The size of the mask determines the size of the magnifying glass. The size of the 
large image is larger than the screen size. So when it is fit into the entire screen, the image 
shrinks in size. The magnifying glass can display a portion of the larger version of the same 
image located beneath the mask layer and use the center of the mask to dynamically align the 
foreground and background images to correctly display a changing area within the magnifying 
glass lens as it is dragged across the screen by the viewer. The size of the large, high-resolution 
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images is used to limit the degree of magnification, so that even at the maximal magnification, 
the "enlarged" image is not distorted. 
8. Microscope effect 

Clicking on the microscope icon in the toolbar turns on the microscope effect. Fig. 8 
shows an example screen of the microscope effect. The entire slide is now shrunk to the lower 
right comer of the screen to serve as the "virtual slide". An "objective lens" within the virtual 
slide is movable with the mouse. 

The area within the small objective lens is enlarged and displayed dynamically on the 
entire screen. This function closely mimics the operation of a light microscope. This is the main 
viewing function of the VT program. At this mode, the entire image is displayed at the lower 
right comer of the screen as a smaller image map. This is the smaller copy of the larger, high- 
resolution image made by the VT program immediately after image retrieval. 

The purpose of making this smaller image is to speed up the image loading process. This 
smaller image serves as a "virtual slide" containing the entire image, while a portion of the 
larger, high resolution image is displayed on the entire monitor screen as the viewfinder. Within 
the virtual slide (the smaller image), there is an even smaller, colored rectangular frame with a 2- 
pixel border. This frame serves as the objective lens. The image area that is encased inside the 
"objective lens" is enlarged and displayed on the entire screen. 

The size of the objective lens can be changed by clicking on the up and down arrow or 
the prefixed objective lens size icons in the toolbar. The enlarged image of the area defined by 
the "objective lens" on the virtual slide fills the entire screen and changes magnifications 



24 



;! o o i^jre , :L Oi o 7* oa 

PCT/US00/27681 

accordingly. The objective lens can be dragged around within the small image (the virtual slide), 
and whatever area defined by the objective lens is then displayed instantly on the entire screen. 

The smaller image, i.e. the virtual slide, can also be dragged around in the monitor and 
change sizes. By clicking on the "fixed location icon" in the toolbar, the virtual slide jumps to 
one of the four corners of the monitor screen, leaving most of the screen for viewing the enlarged 
area. By clicking on any area outside of the virtual slide, the virtual slide is hidden, leaving the 
entire monitor free from obstruction for a clear view of the enlarged image of the selected area. 
The virtual slide can appear anytime by clicking on the left button of the mouse again. This 
microscopic function, particularly the movement of the objective lens, changing magnifications 
of the image and the instantaneous displaying of the enlarged images of selective areas on the 
entire screen, permits further enlargement of the images and closely mimics the manner by 
which the users evaluate tissue sections on glass slides under a light microscope. When the high- 
resolution image contains the entire tissue section, this function enables the pathologists to view 
the entire image at will and offers them the freedom to exam any area of the entire tissue section 
at a range of magnifications. This affords the users the confidence and ease in operating the 
system as it functions similar to the traditional microscopic procedure. 

The microscope effects are coded by Lingo computer language and image map of the 
Director 8.0 program. The location, size and movement of the virtual slide, the objective lens 
and the magnifying glass are continuously traced by identifying the pixel positions of the four- 
comer coordinates of the images and shapes at all times. In theory, the images can be enlarged 
indefinitely, but in reality, this is limited by the size of the large image and its ratio to the stage 
size. The data of the image size is detected at image retrieval, and then compared to the stage 
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size to derive a ratio. This data is then used to restrain the maximum degree of magnification, so 
that the image would not be enlarged too much to distort the image, thus preserving the 
truthfulness of image at the highest magnification. 
9. View linked images and relationship map 

To view the linked higher-power images, one would click the "linked image" button in 
the toolbar, where it is displayed as a small open hand. The entire background image together 
with the linked images will be displayed on the screen. Fig. 9 shows an example screen of the 
linked image map. By selecting the "linked image" button in the toolbar, the viewer can review 
all the linked higher power images taken from different areas of the same specimen. 

The linked image map displays the entire background image and the relative positions 
and sizes of all linked higher power images. By clicking on a linked image, the entire high 
power image will be displayed on the screen for close evaluation. The viewer can go back and 
forth to view different higher power images at will. This screen now displays the entire slide 
with available linked higher-power images displayed at different locations with different sizes, 
clearly illustrating the relationship among all the available images from one specimen. The 
linked images are first displayed as semitransparent yellow rectangle shadows. 

Once the downloading of a linked image is completed, the yellow rectangle will have a 
red outline. This image can then be clicked to display the linked higher-power image on the 
entire screen. Once a linked image is displayed, functions of all the tools in the toolbar are still 
available to view the linked images. When finishing viewing this image, one click of the same 
"linked image" button will bring back the previous screen displaying the image relationship map. 
One can then select another higher-power image to display. 
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The feature of the linked image map allows the viewers to evaluate multiple images taken 
from the same glass slide at different magnifications in a logical and clear process. The entire 
slide and the linked higher-power images are organized and displayed in a meaningful manner. 
An example of the layout of the linked images and relationship map is presented in Fig. 4b. 
When finishing, the viewers can click the "Index" button in the toolbar, and this will bring back 
the virtual slide tray for the viewers to select another slide to view. 
10. Image analysis function 

In addition to viewing the images, the VT system enables the users to directly measure 
the images on the monitor screen. Fig. 10 shows an example screen for the measurement 
function. By drawing a line between two points on the screen, the VT program will display the 
correct length of the measurement. When using specified slide scanner and digital camera, the 
measurement function is pre-calibrated. Otherwise, it needs to be calibrated when measuring 
each image. 

In the measurement mode, the viewer first calibrates the measurement by drawing a line 
of any length across the screen and then entering its length and the unit. This is a necessary step 
as the images are captured at different magnifications at a remote site therefore a standardized 
unit for all cases is not possible. By defining the distance of two points on the screen, the 
program can establish a measurement unit for the particular image. This length unit is stored in 
the computer's memory for further measurements until it is reset. This calibration can be 
performed by drawing a line across the central dimension of a red blood cells or a neutrophil, 
which in human samples are known to have fixed lengths of about 7.5 urn and 15 um 
respectively. 
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The calibration can be performed on any other structures on the image with a known 
distance. The calibration can also be established accurately by measuring particles of standard 
sizes incorporated into the tissue section, and/or scales engraved or incorporated on the tissue 
section or the glass slide. Once calibrated, the program will remember the information and use it 
in all subsequent measurements by recalculating the set value no matter what is the 
magnification of the image to be measured, until the next calibration is performed. 

During calibration, the length and the unit entered by the user is correlated to the pixel 
information of the line on the screen. This data is then linked to the ratio between the real pixel 
of the image and the displayed image to take the magnification factor into consideration. The 
subsequent measurements are performed by multiplying the length of the new line in pixel with 
the basic unit per pixel established at calibration. This ensures accurate reading of the distance 
of any two points on the screen at any time at any magnifications of the original image. 

This calibration step can be avoided if the user using a scanner with know resolution. 
The VT program assumes the user employs the recommended high-resolution scanner (Polaroid 
Sprint4000) with a resolution of 4000x4000 dpi, and has set the default calibration against this 
enlargement. The program can automatically detect the pixel size of the image, thereby calculate 
the unit length per pixel. When this scanner is used at this setting, or when a given microscope 
objective lens is used with fixed resolution, the default calibration will be accurate and used 
directly without going through the calibration process. 

After calibration, to measure the size and distance of any two points on the image at any 
magnification, the user needs to draw a line with the mouse between any two points on the 
screen. The correct distance will be calculated and displayed instantly on the screen. 
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Measurement can be repeated indefinitely until the user clicks any other button to exit the 
measurement mode. 

11. Image database and instant comparison 

The VT system also contains an image database with commonly encountered 
pathological images. These images can be retrieved at any time and be compared with new 
images in question. This facilitates accurate and effective diagnostic, consulting and learning 
experience. The users can also enter their own collection of images for future references. 

The reference image database does not have to be stored in the same computer where the 
user is retrieving images. It can be stored in any remote computer at any location as long as it is 
connected to the Internet. This allows different hospitals to utilize their specialties in setting up 
different reference image database for universal comparison and standardization. 

12. Reporting and feedback function 

Once the images are evaluated, the evaluator can communicate with the sender by a 
number of means, mostly built in the VT program. For example, an email function can be 
activated within the VT interphase using the computer's default email program. Other functions 
include videoconferencing, whiteboard image sharing, chat room, Internet phone, etc. These 
functions enable the sender and the receiver to communicate, and in particular, it allows the 
receiver to request more images at specified locations and magnifications other than those 
already provided by the sender. 

Some of these functions are achieved through other commercially available software, 
with <t buttons" within the VT program to access these functions. These other functions make the 
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VT program a complete system for the purpose of conducting telepathology and effective 
exchange of data and information over the networks. 
13. Other applications 

Overall, this system is a new concept using new processes and new technologies to 
accomplish the task of image transmission and evaluation. High-resolution static images are 
captured, processed and transmitted, but are viewed in an interactive and dynamic fashion. It is 
very easy to use, flexible, reliable and accurate. The entire system with this new process is much 
more affordable than any of the other available systems for the same or similar purpose. 

This system can also be used to view high-resolution images of gross pathological 
specimens. The system would give consulting pathologists or on-call pathologists the freedom to 
render expert opinion on cases from distant locations. The VT system may be used to transmit 
and view X-ray and other medical images. 

This program may create new image viewing capabilities. For example, the program 
may provide a bridge between the light and the electron microscopic (EM) images by shrinking 
and displaying a mosaic of EM images on the screen and reducing the magnification to the light 
microscopic level. The users can then zoom in to any region with the magnifying glass and 
microscope effects to examine the ultrastructual details without losing any resolution. This 
would allow the same preparation to be evaluated at both the light and the electron microscopic 
levels without changing samples or instruments. 

With this system, images of gross specimen, light microscopic images and EM images 
can be bridged, linked and packaged together. The same specimen can be examined at different 
levels in a logical way with the linked image function. In addition, the VT program can be used 
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to evaluate any high-resolution, large sized image that needs to be transmitted and viewed 



analysis and close-up viewing of high-resolution satellite images, viewing large maps, measuring 
distances, and examining detailed photographs of any subject. 

A special version of the VT program has been developed to perform morphologic exams 
for students, residents, etc. In this version, the administrator can set the source where the 
packaged images are retrieved. A timer can also be set for a time period during which the 
images will be available for viewing. This information is protected from the students. By 
clicking on the "start test" button, the timer will start and testing slides will appear on the screen. 
The students can then select the slides to review and answer relevant questions. When the set 
time is up, the program will stop and jump to a new screen for the student to exit. 

This program has been used at the College of Medicine, University of South Alabama for 
teaching medical students. The responses have been overwhelmingly positive from the 
participating students and instructors. 
14. Software 

The VT program was developed using the multimedia programming Director 8.0 
Shockwave Studio. It consists of a stage where the visible elements of the interface for the end 
users are placed. This is controlled by the backstage scores where the command sequences and 
relationship among different elements are arranged and displayed. 

The individual elements (graphics, text, video, sound, scripts and other programming 
components) are called casts and are stored in cast libraries. Each cast number can be made into 
sprites and placed on the stage and/or the scores. Each sprite, cast number, frame or movie (the 
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entire program is a collection of movies) can be further controlled by scripts using a 
programming language called Lingo. These commands instruct the behaviors of the sprites, the 
cast members, the frames and the movies. The end product of the program is packaged into an 
executable file called a projector, or a compressed file that can be run within an Internet browser 
called Shockwave movie. These standalone programs and files can be executed by the end users 
on any computer to perform the designed functions of the program. 

The software code in Appendix A illustrates different aspects of this VT program. Page 1 
of the Appendix is a printout of the internal cast members where most of the casts are stored. 
Pages 2-1 1 of the Appendix are the layout of the backstage scores where the design and 
arrangement of the sprites are illustrated. Because the score table is very large, it is printed on 1 1 
pages and each page is a continuation from the previous one longitudinally (vertically). The 
correct sequences of the pages can be identified by the continuity of the channel numbers shown 
on the left column of the page and they should range from 1 to 300. Pages 12-35 of the 
Appendix contain a collection of the key script codes written with the Lingo language. 
Collectively, these documents illustrate the construction of this program. 

Although illustrative embodiments of the present invention, and various modifications 
thereof, have been described in detail herein with reference to the accompanying drawings, it is 
• to be understood that the invention is not limited to these precise embodiments and the described 
modifications, and that various changes and further modifications may be effected therein by one 
skilled in the art without departing from the scope or spirit of the invention as defined in the 
appended claims. 
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